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@> Monitoring systems to measure flight characteristics of moving sports object 



(57) A sports object flight monitoring system in- 
cluding at least one shutterable camera units 
each of which units receive light patterns from 
each and every one of a plurality of contrasting 
areas on the object in rapid successive sequ- 
ence. A computer receives the signals gener- 
ated by the light patterns as received by each 
camera unit to determine the object's flight 
characteristics. 
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Background of the Invention 

Ball monitoring devices for using multiple electro-sensors to determine the angle of launch, spin rate and 
speed of sports objects are old (U.S. Patent No. 4,136,387 and 4,158,853). 

5 

Summary of the Invention 

Broadly, the present invention comprises a portable system for monitoring the initial flight of an object in 
which multiple reflective areas or contrasting areas are located on the object which areas emit light to one or 
10 more cameras which receive a plurality of successive light patterns representing instances in the objects initial 
flight. The light patterns received by the cameras are processed by computer which compares known calibra- 
tion light patterns with the received signals from the object during flight to compute initial flight characteristics 
of the object 

It is a feature of the system that it is compact, automatic and portable and can be readily calibrated on 

15 site. 

It is also a feature that the use of multiple reflective or contrasting areas on the object permits each camera 
to receive sufficient data despite initial object flight rotation. 

Brief Description of the Drawings 

20 

Figure 1 is a perspective view of apparatus of the present invention position adjacent a teed goif ball; 
Figure 2 is a perspective view of a three-dimensional field showing a golf ball passing through the field 
from position A to position B; 

Figure 3 is a perspective view of a calibration fixture carrying twenty iliuminable areas; and 
25 Figure 4 is a plan view of the light receiving and sensory grid panel located in each camera; 

Figure 5 is a perspective view of an alternative embodiment of the present invention using one camera; 
and 

Figure 6 is a schematic illustrating the trajectory of a ball hit by a driving machine. 

30 Brief Description of the Preferred Embodiment 

Referring to the Figures 1-4, system 3 in Figure 1 includes camera housing unit 4, computer 5, acoustical 
sensor 6 and teed golf ball 8. Camera unit 4 includes housing frame 11 and support feet 12a, 12b engageable 
with tracks 14, 16 so that the unit 4 can be adjusted relative to teed ball 8. Camera unit 4 further includes two 
35 electro-optical spaced-apart cameras 18, 19, which cameras have light-receiving apertures 18a, 19a, shutters 
(not shown) and light sensitive silicon panels 18p, 19p (see Figure 4). CCD cameras are preferred but TV-type 
cameras are also useful. 

Turning to Figure 2, golf ball 8 has dimples 8d and six (6) reflective spaced-apart round areas or dots 20a- 
f. Round dots 20a-f having diameters of one-tenth (1/10) to one-eighth (1/8) of an inch (2.54 to 3.175 mm) are 

40 preferred but other size and shaped areas can be used. Dots 20a-f are preferably made of reflective material 
which is adhered to the ball surface. The "Scotchlite* brand beaded material made by Minnesota Mining and 
Manufacturing (3M) is preferred. Corner-reflective retrof lectors may also be used. Alternatively, painted spots 
can be used that define contrasting areas. The number of dots or areas may be as few as three (3) but may 
number up to six (6) or more, provided that each dot or area reflects light in ball position A and B capable of 

45 being receivable by camera 18, 19. Camera 18 is capable of receiving light from each and every dot 20 a-f 
and camera 19 is likewise capable of receiving light from each and every dot 20 a-f. The angle between lines 
A and B on Fig. 1 may be in the range of 10-30° with 22° being preferable. 

Reflective materials as compared with the coated surface of a golf ball are as high as nine hundred (900) 
times brighter where the divergence angle between the beam of light striking the dots 20 a-f and the beam of 

so light from the dots 20 a-f to the camera aperture is zero or close to zero. As the divergence angle increases 
the ratio of brightness of the dots a-f to the background (remaining ball surface) decreases. It will be appreci- 
ated that infra red lighting may be used to make the flash light invisible to the golfer. 

Adjacent to camera 1 8 are two flash lamps 21 , 22 and adjacent to camera 1 9 are two additional flash lamps 
23, 24. Lamps 21, 22, 23 and 24 are placed as close to the objective of camera 18, 19 as possible to minimize 

55 the divergence angle and this increases the ability of the cameras 18, 19 to receive light from dots a-f and 
distinguish that light from light received from other portions of the ball surface and other background light Al- 
ternatively, gating or shuttering can be accomplished by controlling the periods of time in which the light sen- 
sitive panels 18p, 19p will receive light and be activated by such light A camera in which shuttering or gating 
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is accomplished by operation of the sensor panels is a gated charge intensified camera. In this alternative, 
the light source is always on with camera shutters always open, thus employing the panels 18p, 19p to ac- 
complish gating by gathering light only at two timed periods separated by 800 microseconds. A second alter- 
native utilizes a ferroelectric liquid crystal shutter which opens and closes in 100 microseconds. In this alter- 

5 native, a constant light source is used and shuttering occurs twice after the ball has been hit 

In the operation of the system, the initial step is calibration of the cameras 18, 19. The cameras 18, 19 are 
calibrated to a coordinate system fixed in space. To accomplish this calibration, fixture 30 of Figure 3 is phys- 
ically located just ahead of where teed ball 8 will be placed. The fixture includes twenty (20) retro-dots 30a-t 
of 1/4" (6.35 mm) in diameter. Fixture 30 defines the global coordinate system by its three dimensional struc- 

10 ture. The location of fixture 30 and spacing of cameras 1 8, 1 9 from the fixture 30 or each other need not be 
precise since the fixture 30 locates these when it determines the eleven constants for each camera 18, 19. 
The eleven constants determine the focal length, orientation and position of each camera 18, 19 given the pre- 
measured points on fixture 30 and the twenty U and V coordinates digitized on each camera's sensor panels 
18p. 19p. 

15 Sensor panels 18p, 19p which receive a light pattern contain 240 lines of data and 510 pixels per line. The 

grid of Fig. 4 is merely illustrative in that it does not have 240 lines. A computer algorithm is used for centroid 
detection of each dot 20 a-f. Centroid detection of a dot is the location of the center area of the dot for greater 
accuracy and resolution. Each image received from dots 20 a-f results in an apparent x and y center position 
of each dot 20 a-f. Where light is low in the field of vision due to gating, an image intensifier may be used in 

20 conjunction with the sensor panels. An image intensifier is a device which produces an output image brighter 
than the input image. 

The X, Y and Z coordinates of the center of each dot 30 a-t were premeasured to an accuracy of one of 
one-ten thousandth of an inch (0.00254 mm) on a digitizing table and stored in the computer. An image of the 
calibration fixture 30 is taken by the two cameras 18, 19. 
25 This image determines the eleven (11) constants relating image space coordinates U and V to the known 
twenty X, Y and Z positions on the calibration fixture 30. 

The equations relating the calibrated X(i), Y(i), Z(i) spaced points with the U|(j), V,(j) image points are: 

r " IVtO +0 lv Y(i) + D 1V Z(/) +1 

30 i=1,20 
j=1.2 

w0 _ PgXQ) +Da,Y(/) +PfrZ(P +Du 
f DyX(i) + D 1(y Y(/) + D 1V Z(/) + 1 
The eleven constants, Di1 (i = 1, 11) for camera 18 and the eleven constants, Di2 (i = 1, 11) for camera 
19 are solved from knowing X(i), Y(i), Z(i) at the 20 locations and the 20 U,G), V,(j) coordinates measured in 
the calibration photo for the two cameras. 

With calibration completed, ball 8 which has been positioned about 30 inches (762 mm) from cameras 18 
and 19 is struck and launched through three-dimensional field of view 35 (Fig. 2). Upon launch, the noise of 
striking is picked up by an acoustical sensor 6 which transmits a signal to open the shutter of camera 18 and 
camera 19 and to expose the image sensor panel in camera 18 and camera 19 to light from the six (6) ball 
dots. One hundred microseconds later, flash light 22 and light 23 fires a flash of light which illuminates the six 
(6) ball dots. Eight hundred (800) micro seconds later flash light 24 and light 21 fire a flash of light to illuminate 
the six (6) ball dots which are about 4 to 6 inches (1 00 to 1 50 mm) along the initial flight path in field 35. Flashes 
of light are between one-ten thousandth and a few millionths of a second in duration. Very small apertures 
are used in cameras 18 and 19 to reduce ambient light and enhance strobe light. As light reflects off dots 20 
a-f in their two positions it reaches sensor panels 18p, 19p in corresponding panel areas 25 a-f. 

Using the known ball 8 dimensions, the known time between camera operation and the known geometric 
relationships between the cameras, the external computing circuits are able to calculate the X, Y and Z pos- 
itions of each enhanced spot in a common coordinate system at the time of each snapshot. From the position 
information and the known data the external computing circuits are able to calculate the ball velocity and spin 
in three dimensions during the immediate post-launch time period. Given the initial velocity and spin, plus 
known aerodynamic characteristics of the ball 8, the external computing circuits are capable of accurately pre- 
dicting the flight path and point of landing of the ball. 

Three-dimensional monitoring of ball 8 that has a radius of .84 (21.3 mm) inches is accomplished by rep- 
55 resenting the X, Y, Z position of each dot on ball 8 by its center of mass location TX, TY, TZ and its orientation 
matrix with angles A, E, T. The position of each dot (i-1 , 2 6) is given by the matrix coordinate transformation 
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TX 
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TZ 



84 sin 6(1) cos 0(i) 
84 sin 0<i)sin 
84 cos 6(i) 



10 



15 



i which 9(0. 0(i) are the spherical polar coordinate position of the dots 20 a-f on the surface of ball 8 and 



is the orienturcxon matrix. 
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The orientation matrix, M, gives the three dimensional arientation transformation connecting the body coor- 
dinates of ball 8 with the fix global reference coordinate system calibrated earlier. The column vector (.84 sin 
0(i) cos 0(i), .84 sin 9(i) sin 0(i), .84 cos 8(i)), gives the position of a dot labeled i in the body fixed coordinate 
system. The optimum arrangement of dots 20 a-f is one pole dot at 0°,0° and the five surrounding dots are at 
9(i)=30° and 0(i)=O o , 72°, 144°, 216°, 288°. An angle of theta much greater than 40° will not allow all six dots 
on the ball in the optimum configuration of the system to be captured on severely hooked or sliced golf shots. 

The resulting equations to be solved given the camera coordinates, U;® , V ® , for the six dots, i, and 
two cameras j are as follows: 

DyX(i) + D 1(y V(/) +D iy Z(t) +1 

1=1,6 
j=1,2 

* D^if) + D 1(y Y(/) +D 1V Z(/) +1 

The resulting twenty-four equations are solved for TX, TY, TZ and orientation angles A, E, T for the ball's 
first location. A similar set of twenty-four equations are solved for in the second location position of the ball. 
The twenty-four equations are nonlinear and are solved iteratively linearizing by using Taylor's theorem. Gen- 
erally, the equations converge to a solution for the six unknown parameters in four iterations. 

The velocity components of the ball along the three axis of the coordinate system are then computed from 
the formulas: 

„ _ T& + AT)-Tj$) 



AT 




TyQ + AT)- 


Tytf) 


AT 




Ut + AT)- 




AT 



v z = 

in which AT is the time interval between strobe firings. 

The spin components result from multiplying the orientational matrix M(A,E,T,t) and M(A\E\T,t+AT) and 
equating the off diagonal elements of the resulting relative orientation matrix. 

A(t,t + AT) = M(t + AT)M T (t) 
Then the magnitude, 9, of the angle of rotation vector of the two bails during the time increment AT is given 
by: 

The three orthogonal components of spin rate, Wx, Wy, Wz, are given by: 

9 = si n-*(ft/2) 

where R = V/. 2 + M 2 + N 2 
L = A 2 3 - ^32 

M = ^31 - Ay$ 

N = A, 2 - 4 2 1 
W x = sirr 1 (RI2) U (RAJ) = 9L/ (RAT) 
W y = sin -1 (RI2) Ml (RAJ) = 9M/(/?AT) 
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W z = sin-i(W2)A//(RA7) = 9A//(RA7) 
Referring to an alternative embodiment of the invention and Figures 5 and 6, system 3' includes camera 
housing unit 4', computer 5', acoustical sensor 6' and teed golf ball 8*. Camera unit 4' includes housing frame 
11' and support feet 12a', 12b* engageable with tracks 14', and 16' so that unit 4' can be adjusted relative to 
5 teed ball 8*. Camera unit 4' further includes an electro-optical camera 18', which camera has light-receiving 
aperture 18a', shutter (not shown) and light sensitive silicon panels 18p* similar to the panels of Figure 4. A 
CCD camera is preferred but TV-type cameras are also useful. Camera 18' in this one-camera system prefer- 
ably has higher resolution (754 x 244 pixel CCD array) than the camera 18 in the two-camera system (510 x 
240). 

10 Adjacent to camera 1 8' are two flash lamps 21 \ 22'. Lamps 21 ' and 22' are placed as close to the operative 
of camera 18* as possible to minimize the divergence angle and this increases the ability of camera 1 8' to re- 
ceive light from ball dots a-f and distinguish that light from light received from other portions of the ball surface 
and other background light 

In the operation of this one camera system, the initial step is calibration of the camera 18'. The camera 

15 18' is calibrated to a coordinate system fixed in space in the same manner of the two-camera embodiment. 
To accomplish this calibration, fixture 30 of Figure 3 is physically located just ahead of where teed ball 8* will 
be placed. The fixture includes twenty (20) retro-dots 30a-t of 1/4" (6.35 mm) in diameter. Fixture 30 defines 
the global coordinate system by its three dimensional structure. The location of fixture 30 and spacing of cam- 
era 18' from the fixture 30 or each other need not be precise since the fixture 30 locates these when it deter- 

20 mines the eleven constants for camera 18'. The eleven constants determine the focal length, orientation and 
position of camera 18' given the premeasured points on fixture 30 and the twenty U and V coordinates digitized 
on each camera's sensor panels 18p' (Fig. 4). 

The X, Y and Z coordinates of each dot 20 a-f were premeasured to an accuracy of one of one-ten thou- 
sandth of an inch on a digitizing table and stored in the computer. An image of the calibration fixture 30 is taken 

25 by camera 18'. 

This image determines the eleven (11) constants relating image space coordinates U and V to the known 
twenty X, Y and Z positions on the calibration fixture 30. 

The equations relating to the calibrated X(i), Y(i), Z(i) spaced points with the U,, V, image points are: 

u _ DiX(/) + D2Y(i) +D A 
30 ' ZVC(/) +D 10 V(/) +D t1 Z(/) +1 

1=1,20 

v _ PsXfr) ±D*m +PrZ(/) +P 6 
' DqX® + D 10 V(/) + DnZtf) + 1 
The eleven constants, Di (i = 1 ,1 1) for camera 1 8' are solved from knowing X(i), Y(i), Z(i) at the 20 locations 
35 and the 20 U ( , V, coordinates measured in the calibration picture. A typical fit of the U.V coordinates to the 
measured U,V coordinates is given in Table I. A pixel accuracy of .1 pixel is usually obtained. 

With calibration completed, bail 8' which has been positioned about 25 inches (635 mm) from camera 18* is 
struck and launched through three-dimensional field of view 35 (Fig. 2). Upon launch, the noise of striking is 
picked up by an acoustical sensor 6' which transmits a signal to open the shutter of camera 18' to light from 
40 the six (6) ball dots. One hundred microseconds later, flash light 22' fires a flash of light which illuminates the 
six (6) ball dots. Eight hundred (800) micro seconds later flash light 21' fires a flash of light to illuminate the 
six (6) ball dots which are about 3 to 5 inches (76.2 to 127 mm) along the initial flight path in field 35. Flashes 
of light are between one-ten thousandth and a few miilionths of a second in duration. Very small apertures 
are used in camera 18' to reduce ambient light and enhance strobe light As light reflects off dots 20 a-f in 
45 their two positions it reaches sensor panel 18p in corresponding panel areas 25 a-f. The same type of sensor 
panel as shown in Fig. 4 is used in the one camera system. 

Using the known ball 8' dimensions, the known time between camera operations and the known calibration 
equations of the camera, the external computing circuits are able to calculate the X, Y and Z positions of each 
enhanced spot in a common coordinate system at the time of each snapshot From the position information 
50 and the known data the external computing circuits are able to calculate the ball velocity and spin in three di- 
mensions during the immediate post-launch time period. Given the initial velocity and spin, plus known aero- 
dynamic characteristics of the ball 8', the external computing circuits are capable of accurately predicting the 
flight path and point of landing of the ball. 

Three-dimensional monitoring of ball 8' that has a radius of .84 inches (21.3 mm) is accomplished by rep- 
55 resenting the X, Y, Z position of each dot on ball 8' by its center of mass location TX, TY, TZ and its orientation 
matrix with angles A, E, T. The position of each dot (i-1 , 2 6) is given by the matrix coordinate transformation 
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.84 


sin 6(i)cos 
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= TY 
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.84 


sin 6(i)sin o(i) 
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.84 


cos 6(i) 



in which 8(i), e(i) are the spherical polar coordinate position of the dots 20 a-f on the surface of bail 8* and 
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#ii M l2 

Mil ^3 ^3 
M 2\ ^33 ^3 



is the orientation matrix. 



The orientation matrix, M, gives the three dimensional orientation transformation connecting the body coor- 
dinates of ball 8* with the fix global reference coordinate system calibrated earlier. The column vector (.84 sin 
e(i) cos 0(i), .84 sin G(i) sin e(i), .84 cos 8(i)), gives the position of a dot labeled i in the body fixed coordinate 
system. The optimum arrangement of dots 20 a-f is one pole dot at 0°,0° and the five surrounding dots are at 
9(i)=37° and 0(0=0°, 72°, 144°, 216°, 288°. An angle of theta much greater than 50° will not allow all six dots 
on the ball in the optimum configuration of the system to be captured on severely hooked or sliced golf shots. 
The resulting equations to be solved given the camera coordinates, U if V|, for the six dots, i, are as follows: 

PfX(/) +D 2 Y(i) +D£(i) +D 4 
DgX® +D f0 V(/) +D ff Z(i) +1 



U, = 



1=1,6 



PsXfr) +P fl Y(Q +P 7 Z(;) +P a 
DgX(l) +D 10 Y(i) +D ff Z(/) +1 
The resulting twelve equations are solved for TX, TY, TZ and orientation angles A, E, T for the ball's first 
location. A similar set of twelve equations are solved for in the second location position of the ball. The twelve 
equations are nonlinear and are solved iteratively linearizing by using Taylor's theorem. Generally, the equa- 
tions converge to a solution for the six unknown parameters in eight iterations. 

The velocity components of the ball along the three axis of the coordinate system are then computed from 
the formulas: 



Vy = 



Ut + AT) - 


m 


AT 




TJt + AT) - 


TJt) 


AT 




Ut + AT)- 




AT 



in which AT is the time interval between strobe firings. 

The spin components result from multiplying the orientational matrix M(A,E,T,t) and N(A\E',T\t+AT) and 
equating the off diagonal elements of the resulting relative orientation matrix. 

A(t,t + AT) = M(t + AT)M T (t) 
Then the magnitude, 0, of the angle of rotation vector of the two balls during the time increment AT is given 
by: 

e = sir r 1 (ft/2) 
where R = V/^ + A^ + AP 
L = A 23 - A32 
M = A 3i - >A 13 
N ■ An - ^21 

The three orthogonal components of spin rate, Wx, Wy , Wz, are given by: 

W x = sirr 1 (RI2) U (/?A7) = 0L/(RA7) 

W y = sirr 1 (R/2) W/(RA7) = 0M/(RAT) 

W z = sirr 1 (RI2) Nl {RAT) = ON/ (RAJ) 
Turning again to Figure 6 to the method of accomplishing a test of the current camera system is depicted. 
An adjustable mechanical golf ball driving unit 50 is used with a golf club 52 for striking a golf ball 54 with ret- 
roreflective dots. A unit 4' (Figure 5) is used for determining the launch conditions. The mechanical driving unit 
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50, suitably the mechanical golfer available from True Temper Corporation, is adjusted to give the launch angle, 
spin velocity and initial velocity desired for the particular test. 

By adjusting the pressure of the machine to 92 psi and using a 4-iron, launch data was generated and ana- 
lyzed for repeatability with unit 4\ Three golf balls were marked with circular retroref lective material at 5 pos- 
5 itions of 37° from a center marking as shown in Figure 2. The three balls were hit twice and generated the data 
shown in Table I. The three components of velocity were transformed to velocity magnitude, and two angles 
defined as follows: 



TABLE I 



10 



20 



25 



30 



40 



FITTED VALUE 
U 


V 


U - DIFFERENCE 


V - DIFFERENCE 


MEASURED 
VALUE U 


V 


96.55 


74.54 


-0.05 


-0.03 


96.50 


74.51 


225.59 


89.15 


0.01 


0.01 


225.60 


89.16 


338.89 


81.81 


0.03 


-0.11 


338.92 


81.70 


440.99 


88.37 


-0.15 


0.16 


440.84 


88.53 


586.06 


72.99 


0.01 


0.07 


586.07 


73.06 


97.42 


126.57 


-0.09 


0.03 


97.33 


126.60 


226.64 


134.78 


0.14 


0.04 


226.78 


134.82 


340.16 


130.69 


0.03 


-0.17 


340.19 


130.52 


442.48 


134.10 


0.09 


-0.04 


442.57 


134.06 


587.94 


124.86 


0.09 


-0.08 


588.03 


124.78 


97.81 


179.04 


0.19 


0.10 


98.00 


179.14 


227.26 


180.76 


-0.10 


0.01 


227.16 


180.77 


341.19 


179.62 


-0.03 


-0.12 


341.16 


179.50 


443.09 


180.08 


-0.06 


0.01 


443.03 


180.09 


589.01 


177.07 


-0.06 


0.10 


588.95 


177.17 


98.43 


231.63 


-0.02 


-0.01 


98.41 


231.62 


227.76 


226.83 


-0.06 


0.02 


227.70 


226.85 


342.05 


228.69 


-0.10 


0.05 


341.95 


228.74 


443.91 


226.14 


0.17 


-0.05 


444.08 


226.09 


590.73 


229.46 


-0.05 


0.00 


590.68 


229.46 


AVERAGE STANDARD DEVIATION 


0.10 


0.08 







The U and V values are the actual pixel values measured on the CCD array. The U coordinate may have a 
value of 1 to 754 and the V coordinate a value of 1 to 244. V and V are the pixel location on the sensor or 
sensors 18p, 19p. 

Ball Velocity = V(VJ + VJ+vp 



Side I = tan~ : 




55 

As shown in Table II, the variation in side angle is the most pronounced, percentage wise, relative to the 
other measured parameters. 
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TABLE II 



5 



Shot#1 


Ball Velocity 


Launch Angle 


Side Angle 


w x 


w y 


w z 


1 


122.5 


15.9 


-2.1 


-4900 


531 


-10 


2 


123.3 


16.0 


0.0 


^666 


193 


64 


3 


123.2 


15.5 


-1.4 


-4792 


343 


112 


4 


122.7 


15.7 


-1.4 


-4884 


282 


58 


5 


122.9 


15.9 


-0.1 


-4592 


285 


53 


6 


122.9 


15.4 


-1.4 


-4707 


348 


22 


Average 


122.9 


15.7 


-1.1 


-4757 


330 


50 


STD 


0.3 


0.2 


0.8 


123 


113 


41 



In Table III, the dubfece was rotated to hit sliced shots and the six shots were repeated. 

TABLE III 



25 



30 



Shot#1 


Ball Velocity 


Launch Angle 


Side Angle 


w x 


w y 


w z 


1 


116.7 


20.9 


4.5 


-4963 


-1159 


-21 


2 


118.2 


19.9 


6.6 


-5370 


-1537 


59 


3 


118.7 


19.3 


7.8 


-5903 


t -1561 


27 


4 


116.3 


19.7 


9.5 


-5621 


-1531 


56 


5 


118.0 


19.7 


7.6 


-5668 


-1549 


32 


6 


118.5 


19.5 


8.6 


-5640 


-1498 


-13 


Average 


117.7 


19.8 


7.4 


-5528 


-1473 


23 


STD 


1.0 


0.6 


1.7 


324 


155 


34 



Finally, in Table IV, the ciubface was positioned to bit hook shots and again similar results for variation in 
the six parameters were obtained. 

TABLE IV 



50 



Shot#1 


Ball Velocity 


Launch Angle 


Side Angle 


w x 


w y 


w 2 


1 


123.9 


13.0 


-5.7 


-3881 


1860 


-51 


2 


124.9 


13.4 


-4.0 


-3615 


1320 


-16 


3 


125.3 


12.9 


-4.9 


-3719 


1429 


23 


4 


124.2 


13.1 


-5.4 


-3856 


1566 


35 


5 


124.8 


13.3 


-4.2 


-3629 


1349 


-68 


6 


124.5 


13.0 


-3.8 


-3746 


1523 


19 


Average 


124.6 


13.1 


-4.7 


-3741 


1508 


-10 


STD 


0.5 


0.2 


0.8 


111 


197 


43 



55 

Wx v Wy and Wz values are the three orthogonal components of ball spin rate. The spin components Wx, Wy 
and Wz, are measured in RPMs (revolutions per minute). 
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In summary, a one camera system can adequately calculate the speed and spin of a golf ball and be used 
as a useful practice aid and data-gathering apparatus for equipment design. 

Other objects such as golf clubheads, baseballs, footballs, soccerballs, hockey pucks etc. may also be 
monitored using the system described. 

5 

Claims 

1 . A system for monitoring the initial portion of the flight of an object through a field of view comprising: 
10 (a) a support means for the object; 

(b) a portable housing including at least two cameras in fixed relationship in such housing; 

(c) a first camera u nit in such housing having a light sensitive panel, said first camera unit being focused 
on the field of view through which the object passes during the initial portion of its flight; 

(d) a second camera unit in such housing having a light sensitive panel focused on the field of view; 
is (e) means for shuttering or gating the camera units at least twice as the object passes through the field 

of view; 

(f) three or more contrasting areas on the object positioned so that light emitting from such areas reach- 
es such light sensitive panels to form light patterns thereon and create analog image signal when the 
camera shutters are open; and 
20 (g) image digitizing means in or near such portable housing for receiving such analog signals to deter- 

mine the path of the object, its speed and spin during such initial portion of flight. 

2. The system of claim 1 in which the shuttering means is a flash means emits light in two flashes onto the 
object. 

25 

3. An apparatus for measuring in a field the flight characteristics of a sports object passing through a field 
having a plurality of illuminable areas thereon comprising: 

(a) a first and a second spaced-apart electro-video unit in a portable housing, each unit having a shutter 
focused on the object in the field; 
30 (b) measuring means in the electro-video units which recognize the position of calibrated illuminal areas 

in the field; 

(c) at least three light reflecting dot means on the object; 

(d) a plurality of flash lights for lighting the field; 

(e) control means for opening and closing each shutter and energizing each light such that a light illu- 
35 minates the object in the field when the object is at a first position and when it is at a second position; 

(f) light receiving means in the electro-video unit for receiving light from the dot means when the object 
is at the first position and at the second position; and 

(g) computer means in or near the housing for comparing the calibrated dot positions at first position 
with the dot positions at the second position. 

40 

4. The system of claim 1 in which its object has six (6) contrasting areas. 

5. The system of claim 1 in which all means except the computer means and support means are located in 
the portable housing. 

45 6. A system for monitoring the initial portion of the flight of an object through a field of view comprising: 

(a) a support means for the object; 

(b) a portable housing including at least one camera in fixed relationship in such housing; 

(c) each camera unit in such housing having a light sensitive panel on the field of view through which 
the object passes during the initial portion of its flight; 

50 (d) means for shuttering or gating each camera unit at least twice as the object passes through the 

field of view; 

(e) three or more contrasting areas on the object positioned so that light emitting from such areas reach- 
es each such light sensitive panel to form light patterns thereon and create analog image signal when 
the camera shutter is open; and 
55 (f) image digitizing means in or near such portable housing for receiving such analog signals to deter- 

mine the path of the object, its speed and spin during such initial portion of flight 

7. The system of claim 6 in which the shuttering means is a flash means emits light in two flashes onto the 
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object. 

8. An apparatus for measuring in a field the flight characteristics of a sports object passing through a field 
having a plurality of illuminable areas thereon comprising: 

5 (a) at least one electro-video unit in a portable housing, each unit having a shutter focused on the object 

in the field; 

(b) measuring means in each electro-video units which recognize the position of calibrated illuminal 
areas in the field; 

(c) at least three light reflecting dot means on the object; 
10 (d) a plurality of flash lights for lighting the field; 

(e) control means for opening and closing each shutter and energizing each light such that a light illu- 
minates the object in the field when the object is at a first position and when it is at a second position; 

(f) light receiving means in each electro-video un it for receiving light from the dot means when the object 
is at the first position and at the second position; and 

f5 (g) computer means in or near the housing for comparing the calibrated dot positions at first position 

with the dot positions at the second position. 

9. The system of claim 6 in which its object has six (6) contrasting areas. 

2o 10. The system of claim 6 in which all means except the computer means and support means are located in 
the portable housing. 
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